ABSTRACT
INTRODUCTION
GpsB is a DivIVA-like cell division protein that consists of an N-terminal lipid binding domain NcoI and SalI sites of pIMK3.
156
Plasmid pJR67 was constructed for removal of the murA gene from the chromosome. Fragments amplified from the ligation mixture in another PCR using the primer pair JR280/JR283 and 174 cloned into pMAD using BamHI/NcoI.
175
In order to remove gtcA from the chromosome, plasmid pJR144 was constructed. For this 176 purpose, up-and downstream fragments flanking the gtcA gene were amplified using the primer 177 combinations SHW662/SHW664 and SHW663/SHW665. Both fragments were then used as 178 templates in a SOE PCR with the primers SHW662/SHW663 and the resulting ∆gtcA fragment 179 was cloned into pMAD using NcoI/SalI.
180
Plasmid pSH475 was constructed for the deletion of lmo2550 and gtcA in a single step. single mutant (strain LMJR104) grew as fast as the wild type at 37°C and at 42°C ( Fig. 2A-B ).
277
As expected, introduction of the ΔmurZ deletion into the ΔgpsB background led to almost wild 278 type-like growth patterns of the resulting ΔgpsB ΔmurZ double mutant strain LMJR103 at both 279 temperatures ( Fig. 2A-B ). Taken together, these experiments show that inactivation of murZ 280 suppresses the growth defects associated with the ΔgpsB deletion. and prevented multiplication at 42°C. In contrast, no growth defects were observed in the 296 presence of IPTG (Fig. 3A-B ). This is in good agreement with essentiality of murA at 42°C, ∆gpsB mutant at 37°C and 42°C in the absence of IPTG (Fig. 4A-B) . When expression of the 326 ectopic MurA was induced, these growth defects were suppressed, albeit not completely ( Fig.   327 4A-B). In contrast, overexpression of MurA in a wild type background (LMJR116) was without 328 effect ( Fig. 4A-B) and Western blotting confirmed IPTG-dependent overexpression of MurA
329
(11.7±7.1-fold for LMJR116 and 10.8±6.7-fold for LMJR117) in these strains (Fig. 4C) . As LMJR138) was somewhat retarded as compared to wild type during cultivation at both temperatures ( Fig. 2C-D) . In contrast to the ΔgpsB strain, which cannot grow at 42°C, the ΔgpsB
347
ΔclpC double mutant strain (LMJR139) could grow as fast as the ΔclpC single mutant and almost
348
as fast as the wild type under this condition (Fig. 2D) transferase encoded by the lmo2550 gene, which is -as GtcA -also required for decoration of 384 wall teichoic acids with GlcNAc (33). We assumed that -for the reasons described above -385 deletion of gtcA or lmo2550 could possibly suppress the ΔgpsB growth defects as well.
386
To test this idea, both genes were deleted in wild type and ΔgpsB mutant backgrounds and 387 growth of the resulting strains was analyzed in BHI broth at 37°C and at 42°C. As can be seen in 388 Fig. 7A , deletion of gtcA in the wild type had no effect on growth of strain LMJR174 (ΔgtcA) at 389 37°C, but compensated the growth defect associated with deletion of gpsB in strain LMJR170
390
(ΔgpsB ΔgtcA) almost completely. Deletion of gtcA in the wild type background did also not 391 impair growth of strain LMJR174 (ΔgtcA) at 42°C, but partially restored growth of the ΔgpsB
392
ΔgtcA double mutant strain LMJR170 (Fig. 7B) suggesting that the capacity of this suppression mechanism to cure the deleterious effects of the
405
ΔgpsB deletion on growth is limited (Fig. S4A-B balanced in a way that ensures the right ratio of peptidoglycan to wall teichoic acid production.
500
As both pathways share the same precursor, any change of metabolic flux through one of these 501 pathways has the potential to affect metabolic flux through the other. It is tempting to speculate 502 that teichoic acid synthesis is also affected in the ΔgpsB mutant, explained through this simple 503 biochemical connection of both pathways. and LMJR122 (ΔgpsB ImurA) were grown in BHI broth ± 1 mM IPTG at 37°C (A) and 42°C (B).
667
Experiments were repeated three times and average values and standard deviations are indicated. 
